Background/Aims: Nonalcoholic fatty liver disease (NAFLD) is an emerging problem in Asia, but little is known about the disease in the nonobese population. The aims of this study were to investigate the prevalence of NAFLD and the factors associated with it in a nonobese Korean population and to compare the clinical characteristics of nonobese and obese subjects with NAFLD. Methods: This cross-sectional study used data from 2,058 subjects who participated in a medical checkup program. Results: The prevalence of NAFLD was 12.4% (213/1,711) in the nonobese population. A higher body mass index (BMI), higher homeostasis model assessment of insulin resistance (HOMA-IR) values, higher alanine aminotransferase (ALT) levels, triglyceride concentrations ≥150 mg/dL, and hyperuricemia were independently associated with the presence of NAFLD in the nonobese subjects. Compared with the obese subjects with NAFLD, the nonobese subjects with NAFLD were composed of a higher proportion of females and had lower BMIs, smaller waist circumferences, lower HOMA-IR values, and fewer metabolic irregularities. Conclusions: Higher BMIs, HOMA-IR values, ALT levels, hypertriglyceridemia, and hyperuricemia were associated with NAFLD in the nonobese subjects. Clinicians should be particularly aware of the possibility of NAFLD in nonobese Asian people. (Gut Liver 2016;10:117-125) 
INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is increasingly being identified within westernized populations and it is an emerging problem in Asia where subjects tend to be less obese than their westernized counterparts. [1] [2] [3] [4] [5] NAFLD is a chronic liver disease that is seen in the absence of secondary causes for the accumulation of hepatic fat. It has a wide histological spectrum that ranges from simple hepatic steatosis to steatohepatitis, liver cirrhosis, and even hepatocellular carcinoma. 3, 6 A high prevalence of NAFLD, which ranges from 18% to 45%, has been reported among various ethnic groups, and it is associated with the growing obesity epidemic. [7] [8] [9] Most of the epidemiological studies that have investigated NAFLD have been conducted in obese populations. Consequently, much less is known about NAFLD in nonobese people, although NAFLD is not uncommon in these populations. 10, 11 To improve the management of NAFLD and to prevent its development, it is important to gain an understanding of the prevalence of NAFLD in nonobese populations, understand the factors associated with NAFLD in nonobese populations, and to determine whether differences exist between nonobese and obese populations in relation to the factors that are associated with NAFLD. The aims of this study were to investigate the prevalence of NAFLD and the factors associated with the presence of NAFLD in a nonobese Korean population, and to compare the clinical characteristics of nonobese and obese subjects with NAFLD.
MATERIALS AND METHODS

Study population
This cross-sectional study used data from individuals who participated in a medical checkup program that was undertaken at the Health Promotion Center of the Samsung Changwon This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Hospital from January 2014 to April 2014. The medical checkup program involved 12,567 participants during this timeframe, and individuals were excluded from this study if they did not have data relating to abdominal ultrasonography findings, serum insulin levels, or the presence of positive serologic markers for the hepatitis B or hepatitis C viruses. Individuals were also excluded from the study if they consumed excessive amounts of alcohol (>210 g per week for men and >140 g per week for women), had autoimmune hepatitis, or if they had other known causes of chronic liver disease. Subjects who were taking hepatotoxic, antihypertensive, antidiabetic, lipid-lowering, or hypouricemic medications were also excluded from the study. In addition, subjects who did not have NAFLD and had a body mass index (BMI) of ≥25 kg/m 2 were excluded from the study.
Consequently, 2,058 subjects who were aged over 18 years were included in this study. The Institutional Review Board of Samsung Changwon Hospital approved this retrospective study.
Anthropometric and laboratory measurements
A trained technician performed the anthropometric measurements. Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, with the subjects wearing light clothes and not wearing shoes. The BMI was calculated by dividing the weight in kilograms by the square of the height in meters. A single assessor measured the circumference of the waist at the level of the umbilicus while the subject was standing. Blood pressure was measured using a standard sphygmomanometer after the subjects had rested for 5 minutes.
The subjects' biochemical parameters were evaluated after they had fasted overnight. The biochemical parameters assessed included levels of total cholesterol, triglyceride, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, fasting blood glucose, uric acid, total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyltransferase (γ-GTP), and C-reactive protein (CRP), which were measured using a Hitachi Modular D2400 automated analyzer (Roche, Tokyo, Japan). Fasting insulin concentrations were determined using a Hitachi Modular Analytics E170 electrochemiluminescence immunoassay (Roche). Platelet counts were evaluated using a Sysmex XE2100 hematology analyzer (Sysmex Corp., Kobe, Japan).
Insulin resistance was determined using the homeostasis model assessment of insulin resistance (HOMA-IR) and values were obtained using the following formula: HOMA-IR=fasting insulin (IU/mL)×fasting blood glucose (mmol/L)/22.5. 3. Assessment of the presence or absence of NAFLD Abdominal ultrasonography using a Logiq 7 3.5-MHz convextype transducer (GE Healthcare, Milwaukee, WI, USA) determined the presence or absence of NAFLD. The ultrasonography procedure was performed by one of 10 experienced radiologists at the Health Promotion Center. The images were captured while the patient was in the supine position with their right arm raised above their head. The ultrasonography images of mild fatty liver were reviewed by two experienced radiologists. Fatty liver was diagnosed using well-established criteria, including the hepatorenal echo contrast (false transonic aspect of the right kidney as compared to liver parenchyma), liver parenchymal brightness (due to the high number of highly reflective interfaces produced by increased intracellular fat deposition), deep beam attenuation, and vascular blurring (because the increased liver echogenicity leads to decreased acoustic impedance between the parenchyma and the portal venule walls). 2, 13 The first two were used as definitive criteria, and the last two were taken into account as needed.
Definitions
We defined obesity as a BMI of ≥25 kg/m 2 in accordance with the World Health Organization's criteria for Asian people. 14 The metabolic syndrome was defined in accordance with the criteria for Asian American people proposed by the National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) III. 15 The panel specified that a diagnosis of the metabolic syndrome should be comprised of the presence of any three of the five components that follow: a waist circumference of ≥90 cm for men or ≥80 cm for women; blood pressure of ≥130/85 mm Hg or the current use of antihypertensive drugs; triglyceride levels of ≥150 mg/dL; HDL cholesterol levels of <40 mg/dL for men or <50 mg/dL for women; and fasting blood glucose levels of ≥100 mg/dL or the current use of drugs for hyperglycemia. Abdominal obesity was defined according to the ATP III criteria, that is, a waist circumference of ≥90 cm for men or ≥80 cm for women.
Dyslipidemia was defined using the NCEP guidelines, 16 as follows: a total cholesterol level of ≥200 mg/dL; a triglyceride level of ≥150 mg/dL; an LDL cholesterol level of >100 mg/dL; and an HDL cholesterol level of <40 mg/dL for men or <50 mg/dL for women.
Hyperuricemia was defined as a uric acid level of ≥7 mg/dL in men or ≥6.5 mg/dL in women. 11 
Statistical analysis
Continuous variables are expressed as the means (±standard deviations) or the medians and the interquartile ranges, and they were compared using Student t-test or the Mann-Whitney U test, depending on the normality of the data. Categorical variables were compared using the chi-square test. For the continuous variables, effect sizes were determined using Cohen's d and they were calculated using the difference between the means of the two groups and the pooled within-group standard deviation. Effect sizes were classified as small (d=0.2), medium (d=0.5), or large (d≥0.8). For the categorical variables, effect sizes were determined using the odds ratios (OR) of the two groups, and effect sizes were classified as small (OR, 1.5), medium (OR, 2), or large (OR≥3). 17 To evaluate the factors associated with the presence of NAFLD, multivariate binary logistic regression analysis was performed using the variables that had p-values of <0.05 in the univariate analysis. Numerical variables that had standard cutoff values that were provided by the ATP III criteria or the World Health Organization, including waist circumference, blood pressure, fasting blood glucose levels, triglyceride levels, HDL cholesterol levels, and the BMI, were used as dichotomous variables.
A two-tailed p-value of <0.05 was considered statistically significant. All of the statistical analyses were conducted using IBM SPSS software version 21.0 (IBM, Armonk, NY, USA). Cohen's d was calculated using the effect size calculator for a Student t-test that is available from http://www.danielsoper.com/ statcalc.
RESULTS
Clinical characteristics of the nonobese subjects with and without NAFLD
The clinical features of the nonobese subjects with and without NAFLD are presented in Table 1 . The prevalence of NAFLD was 12.4% (213/1,711) in the nonobese population.
The nonobese subjects with NAFLD tended to be older, be male, have the metabolic syndrome, and have larger waist circumferences, and they had higher BMIs, systolic and diastolic blood pressures, HOMA-IR values, total cholesterol levels, triglyceride levels, LDL cholesterol levels, fasting blood glucose levels, serum uric acid levels, total bilirubin levels, AST levels, ALT levels, γ-GTP levels, platelet counts, and CRP levels. The individuals in the nonobese NAFLD group had lower HDL cholesterol levels than the nonobese subjects without NAFLD. Among these variables, being male, the BMI, the waist circumference, the triglyceride levels, the HDL cholesterol levels, the HOMA-IR values, the uric acid levels, the ALT levels, and the metabolic syndrome showed larger than medium effect sizes.
Clinical characteristics of the nonobese and obese subjects with NAFLD
The clinical characteristics of the nonobese and obese subjects with NAFLD are shown in Table 2 . There was a male predominance within the group of nonobese subjects with NAFLD, but compared with the obese subjects with NAFLD, this group was comprised of a relatively higher proportion of females. Com- pared with the obese subjects with NAFLD, the nonobese subjects with NAFLD had lower BMIs, smaller waist circumferences, lower systolic and diastolic blood pressures, lower HOMA-IR values, a lower prevalence of the metabolic syndrome, lower triglyceride levels, lower fasting blood glucose levels, lower serum uric acid levels, lower ALT levels, lower γ-GTP levels, and lower CRP levels. The nonobese subjects with NAFLD had higher levels of HDL cholesterol compared with obese subjects with NAFLD. Among these variables, sex, the BMI, the waist circumference, the HOMA-IR value, and the metabolic syndrome showed larger than medium effect sizes.
Factors associated with the presence of NAFLD in the nonobese subjects
Univariate binary logistic regression analysis identified the following as significant factors associated with the presence of NAFLD in the nonobese subjects (Table 3) : being older, being male, abdominal obesity, a systolic blood pressure of ≥130 mm Hg, a total cholesterol level of ≥200 mg/dL, a triglyceride level of ≥150 mg/dL, an LDL cholesterol level of >100 mg/dL, an HDL cholesterol level of <40 mg/dL for men or <50 mg/dL for women, a fasting blood glucose level of ≥100 mg/dL, hyperuricemia, the presence of the metabolic syndrome, a higher BMI, higher HOMA-IR values, and higher levels of total bilirubin, AST, ALT, γ-GTP, and platelets.
Multivariate binary logistic regression analysis determined that higher BMIs (p<0.001), higher HOMA-IR values (p<0.001), higher ALT levels (p<0.001), triglyceride levels of ≥150 mg/dL (p=0.021), and hyperuricemia (p=0.001) were significant and independent factors associated with the presence of NAFLD in the nonobese subjects (Table 4) .
To explore the relationships between NAFLD and the HOMA-IR values or the serum uric acid levels, the HOMA-IR values and the serum uric acid levels were grouped into quartiles. Multivariate binary logistic regression analysis showed that the HOMA-IR (p<0.001) and serum uric acid (p=0.007) quartiles remained significant and independent factors associated with the presence of NAFLD in the nonobese subjects. Compared with the HOMA-IR quartile (Q) 1 values, the OR for the HOMA-IR Q4 values (1.04 to 5.99) was 3.190 (95% confidence interval [CI], 1.818 to 5.598; p<0.001) (Fig. 1) . Compared with the serum uric acid Q1 values, the OR for the serum uric acid Q4 values (6.1 to 8.9 mg/dL) was (Fig. 2) .
DISCUSSION
In the current study, the prevalence of NAFLD detected using ultrasound was 12.4% (213/1,711) in the nonobese (BMI <25 kg/m 2 ) and nondiabetic population. Compared with the nonobese subjects without NAFLD, the nonobese subjects with NAFLD were older, predominantly male, and had higher BMIs, larger waist circumferences, higher systolic and diastolic blood pressures, higher HOMA-IR values, and an increased prevalence of the metabolic syndrome. In addition, these individuals had higher total cholesterol levels, triglyceride levels, LDL cholesterol levels, fasting blood glucose levels, serum uric acid levels, total bilirubin levels, AST levels, ALT levels, γ-GTP levels, platelet counts, and CRP levels, and lower HDL cholesterol levels, compared with the nonobese subjects without NAFLD. Higher BMIs, higher HOMA-IR values, higher ALT levels, triglyceride levels of ≥150 mg/dL, and hyperuricemia were significant and independent factors associated with the presence of NAFLD in the nonobese subjects. Compared with the obese subjects with NAFLD, the nonobese subjects with NAFLD were comprised of a relatively higher proportion of females, and they had higher HDL cholesterol levels, lower BMIs, smaller waist circumferences, lower systolic and diastolic blood pressures, lower HOMA-IR values, a lower prevalence of the metabolic syndrome, lower triglyceride levels, lower fasting blood glucose levels, lower serum uric acid levels, lower ALT levels, lower γ-GTP levels, and lower CRP levels.
The prevalence of NAFLD has increased rapidly over the past two decades in the Asia-Pacific region. NAFLD is not uncommon in subjects who are considered nonobese. Previous studies have reported a prevalence of NAFLD that ranges from 7.27% to 23.4% in the nonobese population. 11, 18, 19 In the current study, the prevalence of NAFLD was 12.4% in the nonobese, nondiabetic population. The current study demonstrates that the nonobese subjects with NAFLD were predominantly male, but compared with the obese subjects with NAFLD, they were comprised of a relatively higher proportion of females, and they had lower BMIs, smaller waist circumferences, lower insulin resistance levels, and fewer metabolic irregularities. Previous studies that have described NAFLD in nonobese subjects have also found differences in their clinical profiles compared with obese subjects with NAFLD. 10, 20, 21 The relationship between obesity and NAFLD is well established. In the current study, BMI was a factor that was associat- Data are presented as mean±SD or median (interquartile range) unless otherwise indicated. NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP, γ-glutamyltransferase. *According to the Adult Treatment Panel III criteria; † Hyperuricemia was defined as a uric acid level ≥7 mg/dL in men or ≥6.5 mg/dL in women.
ed with the presence of NAFLD, even in the nonobese subjects. Xu et al. 18 reported that BMI was associated with the presence and development of NAFLD in nonobese subjects, while Kim et al. 19 reported that body weight change was an important contributor to the development and regression of NAFLD in nonobese subjects. Thus, weight control to reduce the risk of NAFLD is important not only in obese individuals, but also in nonobese subjects. Dyslipidemia is a well-known risk factor for NAFLD. In the current study, hypertriglyceridemia was a factor associated with the presence of NAFLD in the nonobese subjects. Several other studies have reported that hypertriglyceridemia is an important factor that is associated with the presence, development, and regression of NAFLD in nonobese subjects. 10, 11, 18, 19, 22 It is generally considered that excessively high hepatic triglyceride concentrations and hypertriglyceridemia result from an increased influx of free fatty acids from visceral fat deposits and an increase in the secretion of very-low-density lipoprotein from the liver as a consequence of insulin resistance. 23 However, recent findings from the Framingham Heart Study have suggested that fatty liver is associated with dyslipidemia and dysglycemia and is independent of fat deposits, including visceral adipose tissue. 24 Although it is difficult to speculate about a pathogenic role for hypertriglyceridemia itself in the development of NAFLD based on the current evidence, serum triglyceride levels could be one of the markers for the progression of NAFLD, especially in nonobese subjects.
Insulin resistance provides an important pathological link to NAFLD and, therefore, the close association of NAFLD with metabolic irregularities. 10, 20, 21, 25 Sinn et al. 25 reported that NAFLD is an independent predictor of insulin resistance, irrespective of the number of the metabolic components that comprise the metabolic syndrome that are present in nonobese Asian adults. The results of the current study suggest that insulin resistance plays a significant role in the pathogenesis of NAFLD in nonobese, nondiabetic subjects, irrespective of the presence of the metabolic syndrome. When the HOMA-IR values were grouped into quartiles and were analyzed using multivariate binary logistic regression analysis, the OR of the highest HOMA-IR quartile (1.04 to 5.99) was 3.190 (p<0.001), and the highest HOMA-IR quartile was associated with the highest prevalence of NAFLD (25.5%).
The correlation between NAFLD and insulin resistance was stronger compared with the correlation between NAFLD and the metabolic syndrome, and the current ATP III diagnostic criteria for the metabolic syndrome cannot identify NAFLD in nonobese subjects satisfactorily. Several studies have demonstrated the association between serum uric acid and NAFLD in the general population, and even serum uric acid levels within the normal range are independently associated with the presence of NAFLD. [26] [27] [28] [29] A population-based prospective study of 6,890 initially NAFLD-free subjects showed that 813 subjects (11.8%) developed NAFLD over a 3-year follow-up period, and that an elevation of serum uric acid levels independently predicted an increased risk of NAFLD. 28 A cross-sectional study of 8,925 subjects (6,008 men) with a mean age of 43 years showed that NAFLD patients had significantly higher serum uric acid levels compared with the control group, and that an elevated serum uric acid level was an independent risk factor for NAFLD. 26 Hyperuricemia is reportedly associated with insulin resistance and the metabolic syndrome. 30, 31 The biochemical role of uric acid in NAFLD is poorly understood, and current data on this subject seem to be partially conflicting at best. The role played by increases in systemic oxidative stress in the progression of NAFLD has long been recognized in both animal experiments and clinical studies, 32 and it has been proposed that uric acid acts as an antioxidant of peroxynitrite and peroxynitrite-derived radicals. 33, 34 A recent study showed that administering uric acid to obese (ob/ob) mice almost completely resolved fatty liver in these animals. 35 Thus, elevated serum uric acid levels may reflect an underlying compensatory mechanism that counteracts the increased oxidative stress associated with NAFLD. On the contrary, uric acid becomes a strong oxidant in the context of the metabolic syndrome. 36 Indeed, some investigators have proposed using allopurinol 37 or dietary measures, such as reducing fructose intakes, which is associated with increased uric acid levels, 38 to treat the metabolic syndrome and NAFLD. Notably, hyperuricemia was found to be an important factor associated with NAFLD in the nonobese, nondiabetic subjects in the current study. When the levels of serum uric acid were grouped into quartiles and were analyzed using multivariate binary logistic regression analysis, the OR of the highest serum uric acid quartile (6.1 to 8.9 mg/dL) was 2.506 (p=0.002), and the highest serum uric acid quartile was associated with the highest prevalence of NAFLD (21.2%). While the serum uric acid level was significantly associated with NAFLD in the nonobese subjects, future studies are needed to explain the physiological mechanism underlying this association.
In the current study, ALT was associated with the presence of NAFLD in the nonobese subjects. Prior study has suggested that elevated ALT levels correlate with the progression of NAFLD to steatohepatitis and hepatic fibrosis. 39 But it is difficult to determine a systematic association between ALT level and NAFLD. Although elevated ALT levels merit attention in relation to the possible presence of NAFLD, an over-reliance on ALT levels underestimates the relevance of NAFLD. 40 Further investigations are needed to explore the precise role of ALT level in nonobese subjects with NAFLD. Although serum ferritin was not available in the current study, there have been several cross-sectional studies that showed that an elevated serum ferritin levels associated with insulin resistance and NALFD. 41, 42 Iron may potentially act as a source of oxidative stress and injury within in the liver. 43 In animal models of fatty liver, iron loading is associated with the development of hepatic necro-inflammation and fibrosis. 44 Cellbased and animal studies have demonstrated iron induces insulin resistance in adiposite tissue, the pancreas and liver. 45, 46 Recent study reported an association between serum irisin level and NAFLD. 47 Irisin is a recently found myokine that aids obesity control and improves glucose hemostasis by acting on white adipose tissue cells and increases total energy consumption. Further investigations are needed to determine the role of serum irisin level in nonobese subjects with NAFLD. There are several limitations to this study. First, this study was cross-sectional in its design; therefore, the natural course of NAFLD and causal relationships could not be determined. Second, the diagnosis of NAFLD was based on ultrasonography, which cannot detect mild steatosis. However, ultrasonography is widely used in epidemiological surveys of NAFLD, because it is noninvasive, safe, widely available, portable, and it has an acceptable sensitivity in relation to the detection of hepatic steatosis. Third, it is possible that a selection bias existed because the subjects who participated in the general medical checkup program were more concerned about their health compared with those who did not participate in the program. Furthermore, those individuals who did not have data relating to serum insulin levels were excluded from the current study, which might have affected the prevalence of NAFLD.
In conclusion, the prevalence of ultrasound-detected NAFLD was 12.4% (213/1,711) in the nonobese, nondiabetic population. Higher BMIs, higher HOMA-IR values, higher ALT levels, hypertriglyceridemia, and hyperuricemia were significant and independent factors associated with the presence of NAFLD in the nonobese subjects. Compared with the obese subjects with NAFLD, the nonobese subjects with NAFLD had a male predominance and they were comprised of a relatively higher proportion of females, and they had lower BMIs, smaller waist circumferences, lower levels of insulin resistance, and fewer metabolic irregularities. Hence, people in Asia are likely to develop NAFLD even in the absence of obesity. To improve the management of NAFLD and to prevent its development, clinicians should be particularly aware of the possibility of NAFLD in nonobese Asian people.
